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(54) OPTICAL FIBER STRAIN MEASURING INSTRUMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical fiber 
strain measuring instrument which can securely measure 
strain even in an environment wherein an optical path varies 
in length or in an environment of much vibration. 
SOLUTION: When the projection light from a light source 1 1 
is made incident on an FBG 1 14 for measurement, the FBG 
14 for measurement reflects light of a specific wavelength 
corresponding to the intervals of a diffraction grating. The 
reflected light from this FBG 14 is branched to the optical 
paths of optical fibers 17 and 18 through an optical coupler 
16. The reflected light branched to the optical fiber 17 is 
converted by an FBG filter 19 to intensity corresponding to 
variation in the wavelength of the reflected light and further 
converted into an electric signal by a photodetecting 
element 20 for measurement. The signal branched to the 
optical fiber 18 is converted by a photodetecting element 21 
for reference into an electric signal. A processor 2 finds 
variation in frequency from the intensity ratio of the 
reflected lights sent from the photodetecting elements 20 

and 21. and also calculates a strain variation quantity from the frequency variation and displays it 
on a display device 23. 
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(54) [^m(D^m iK^yr^/msmmmm 



{fm^m itm 1 1 *-^>coait3KeftS!ifflF bg 1 4 
*c Ast-r 6 1 , ttjfflffl F B G 1 4 mg^iawisiiiatcc 

tT!^^eoJft;S<^>3fcSrR9ft&. iWttSUfflFBG 1 4 
il^KSt3fc<i. FBG7^;P^1 9<Cj:0RSt3te<Ojft;g 
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^y T ^ j^^Mfm^m. 

^^nmrnzmm^ti. miiytm^f^<7)tkmmznLx 
^Mznmtfzm^^^^^m'^ y r ^j<yy v 

By T ^^<yy 'y iP'f^Vfm'^-hco^m^ir^iOtgi^lZ 
Z(r>y ^ tl'i^coti^ij^ir^mmzsm^ttmm^ 

wiiiy r ^y<yy >y ^mtfft%^i)^^<oRmjft't^m^ 
iz^m-t^mmm^^n'f-t . 

mn<omm^t-^muy r A)^yv •/ 

SIS. 

mm^(^y r ^ J^r^ -y ^^0tfftS^**'c>ORS*3fci&« 



^^^m^^zm^-thm^iT^^mm^^m^Fb . 
:hm^(mmtij'^mB^y r ^ ^<yy -y ^^\3\mm^ 
miem 1 comn^mzx ^^ibfzmmf.^mzitmi^fii 

i>ytyT-(^<^i^f\-mmn. 

mi^<r>mi^tmmiz^ti^tLtm^rL. m^&i)-i^(r> 

immznL^MzMmLfz^tL^tL^^j:^^^^^: 

mtimk(r>y r^f^yyy ^m^^t^iy(r>ws^%^n 
m-h^^^mmi\z%m'h'&.^'rtn.^t . 

^^<nm,\zn^\^tz^\zm^\^x}i^-MhmL<ny 

mt^y ^ }V^(n^'hm:^Mi\,^^^\zmk'th 

me:m i <7)mm^mzx n^i^tzmmx^^tizitm^^ 

hityT^^m?»$^mmu. 

[I9^«5 3 msmL<oyr^j<y'^-/ymx^ 

\t. m.mzimi.tz:it^^t^hmmim3X{t 

3. AX^i5^(nftyr^J'^^^mk^^. 
1000 1 ] 

l^m(nmri-hm^iftm\ ^^mt. FBG (Fiber Br 
ag« Grating: 7 T>f -y ^^00f*S^ ) ^m\>^fz^ 

7 T >f ^m?*mAmmzm-i> . 

[0002] 
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tfmiim:i. mjnm7iZ7r.'rxo{zLxn^j:htih. 

mmmms%4it. ^i^nmmztum^ixhtiTyx. tm 
m(^^i^izxr>x^i:^i-f^b. m^s%4co:/^ yy 
ts^ii, mm<^^m^^i-fxmi^<o^^^ hJi'<r>^^\j^ 

K\'^izn^hM:^<r>ity r y<6 . 7 SriSiSLT^^tt 

i)mm-r&<r>x. zco=fr^mcr>^mm-hitcr>mmi:m 
3^Lx^cr>mmm^:^^yht. z<r>fj^vvm-h~:f 
y ^mmmm4 \zmir>h^/*^&(r>imm.^iSiibx 

[00031 

^mi.. =^mmcr)^mm^hit(^m^^^^Lx^<r)m 
mWL^:^'yyv^hzt^zx^. ^<ni]^yvm-to^ 
7 -y y^mMnmh4 \ztxihh'^^'^(nw^m.^^^h 

Zbi)<X^^, Lt}^L. ±t^^5^cr>Xo\z=F^n^:mm 

L. =^^mizx^mi^tm^n^j:o xoiztfzi^^. ^ 
iimm<7)^^^mmximm^ hzti}^x^^j:\^\ 

[0004] :^^mmM^cr)Mm^mm't^fziibizKc^ 

^vmizrf^ dzt i}^x^h%y T >f jmihtmiMim.i: 

[0005] 

^m^mzi^m^ix. mmMij-^&itkmmznLxm. 

mM:bmnib<m%tii^mbti:h^-n^^ 

(r>mk\,znmi.tzmi\z^Lx^^-rhy4)i^9b. 
mty4)V9<r>}i^:hm:^mmzsmthVtmm^ 
m=f-b. mtyT^f<:f^^yymim-f}^h<omAit^ 
^^^^.z^-thi^fm^^^Fb. mmmm^ 

«i^&tX#.^S3fc«^*-^> aj:^j Sits fi#<^«ib&- 



^ihtz^m^^it\z^m^^^^fk\:.xmlyr^J^ry 

y^^^^=?'<^^7^^im^%d^'thm2(^mn^nb 

^^mLtzzb^m^b^h. 

[ 0 0 0 6 ] m 2 en^mzi^h^y r A f^'^mm'^n 

^^^^'h-^h^-n^n.^mnzzb^^^b-^h, 
[0007] ^3<r>w^\z%hityr^)<^^^^m^n 
\t. ^m%<nit^mi^h%m.b. Wk<^^^t(mmz 
^Mixxm^ix. mmm-h(n\mnzn\.i^^\z 

n^\^fz^f\-^f\W£hm.^(n%^K^-thm^<r>y T 
^j^^zfy ^ymiff^f-b. mim^<r>yr^y<rv-yf^ 
(inffis^ ^ commit ^Mm-r h m^fmi^miz^m-r 

hr^^m^b. f&^bmmbcomm^E.nmb^j:^t!i^ 

iimt^^L. mm-^m^izx^^t^^tifz^mr$L 

^^t$imcoK^^^^ (Oi^^izMfB Lfz^miz^mtx 
ii^:h't^m&<r>y ^/u^b. mi^y ^ fi'S'<7)iiiti^^ 

^tL^ixt^^mmz^m-thm.^<7>sfmm'^^^'7-b . 

m^^^^mi^izx^i^m^ixfz^mi&wmmmco^ 

^^^fME^iz^m-thn^eommm^jftmi'b. 

^<mmt^'(>mi^y r -i i^^v -y ym\^<r>u^ 
^<rimm^\t^^^hw. 1 (r>m'm-n.b . miem i <r> 
mmmzx ^^}hfzm^m^\zvdmm:m.\:.x^ 

ifi#7 r ^)<>^y «y :5^[H]tfrfa^£03i;V^{hSSrmaj-t«» 

w>2<T^mn^nb^^^\^tzzb^n^b^h. 
[00 08] ^4<ry^mz%h^yr>{f<^^mm^n 
\t. %\w^(n%^mi-thimb . mLCTi^mmmz 
-eii-fiiisw^it, m^m^h<r>mMt\znv^Mz 

n^\^tz^ix^f^%t£:h^xm(r>%^^'th'mL<r>yr 
>(J<yy-^y\3\^t^^b. mtlW^<r>yr^J<yy yy 

m^\^=f't-h<r>mA%^nm'fhmm^^^mz^m- 

h^^'rtm^b. ^^b^f^^bcT^mm^nmbtph^ 

:?3^^tt^wL, mm^k^^\zxKi^n^fx,fz^m^ 

^■n-thmij^y <fV9b. mi^y^fV9<n\i}init^ 
^ix^ix^%'m{z^m'thmL<nmm^im=Fb . 
m^^mmzx ^mi^ixtz^mmmwmnmA 

iimmimnf^mmzx ^mi\.xr'J9}Vi^n\z^ 
-rsA/D^niHt, HieA/DS£«iiHiK*»<baj:^js 

lam 1 <m%^mzx ^istif>tzm^'S^mz^mmL^ 
(i. mism3xiit^4(o^mizts\,'^x. im<nyr^f< 
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«y ^^mt^'f^i^mztf^mLfzzt^nmt^h. 
(00 10] meeo^mizg^h^tyr^^^m^nm^^ 

[00 11] 

[00 12] {mimmm)mnt. ^^mizghi>^ 
7 r ^<^;^tfm^^(7)m^^^^yo y ^mvh ^ . 

±ie^®l 1 i: LX\m:flJmi^coLco^ 

n\ 21SLX/^^ry\ 3^itLXtmmFBG (Fiber 
Bragg Grating : V r A y^tfx^'^f) 1 4<CA 

m^tih, ±i5ft^mFBGi4ti. ^2 (b) tc^-r 

•r&J;otci5^$n€,. ±iStt^fflFBGi4<i. s;^ 
SJ^^^T=S:dg?^tCig?r$ii&t>cOT. 02 (b) tcfiS 

[0013] ±iett™ F B G 1 4 cn>m.^mi. mr 

7l 3'Cjt7r>f >N'l 5ffl3c7)3tK^jiO, ^^zit^r^ 
1 6-C3t7r>f>'0 7. 1 StC^Hefc-r^. 7l^7T>f M'l 
7<CiW-i^L:^cSJt3tti, F B G7 >f 1 9 Sr^n-LTIt 

mm^im=f-2Q\z?ji\'th. iiiSFBG7^/i^:5' 1 9 

(i, 02(0) (z^-Tct o(::iS:^h5Si^i:c7)|1§f^?&>'H^ 
[00 14] ^tz. Jiia3t;^7-7l6*>io^7r>f>'<l 
^ 2 1 tCA9H-& . ±.tt'^^m=?' 2 0.21 tcASt L/c 
?:ffiffiU^ciJa^S2 2(ZA:^S^i«>. i<?D«!y^S2 

\zxhtit<mmt^^mjELxm&u<^^y*-^im. m 
mm. 2 3 *cai:^ LT^^^s . 

[00 1 5) El3l4±IEtt«lfflFBG14iOmfigW£^ 
t^tOT, (a)tin«^^, ( b ) «4{B!lBFrffi0"C 
ffSI!lfflFBG14«i. m3L\i^=7X^mryX 

Jje3T3 2a, iJ'^-yh'Bl J:0®!ff^*nSi^«fftf5 

=5:iai!ffia^3 3*<m$*i«.. 
[00161 ±IE<0J: -5 tdfltricSilJtffSJfflP BG 1 4 



fiiSL^iX*. -f^Cti^*,, [Hltfrt&^3 3«oraR5$rNd, R 

A b = 2Nd 

[0017] ±ien-agfflF BG 1 4 ^^^m^^wzm 
m-^h t . mm^<r>^^iztitr>xmmm f b g 1 4 
^L, ^mt^'^sscofsm^itizfdtxmitftcowt^x 

(00 181 tti. FBG7^;U:J' 1 9ti. iieH-SUffl 
FBGl4tmmcom^Xhi>i)Km2 {c)lZ^.i'X 

d^7^/u:$'^tt. t-^i?-^. f>hn.^m^^zti\^xm 
j^A^SAr , }A^f)m < ^ & tcfie x^mi}m<!Ki&r^ 

3 ^m^^h^'f(7)\^m^m<!K^it^-^x^i&^co^ 

amzm^i-^ztij^v^h. 
[0019] »:<cjiiem i ^m^m<r^W}i^^m4 iZTf^-r 
yxj-^^-hiz^^x^m-tt, yemi if}^^ 
m2 (a) izukrxoKci^^mti^'fm^^^^imL. 

3t7r-f^N'l 2mf^itijy^y 1 3$r^LTtf^fflFBG 
14(CAttr^ (^xvT-Al ) , ftMmFBG14 

mizmtxn^<^mM:<r>yt^^^i>. rKchh. t^m 
fflF BG 1 4ti. 3 3<r>mmt^^mi&^^t-h 

^itf3^^ntli£. 02(b) comWiaiZTTk-tJ: 0 iz^ 
■r^j:h-h. ttMfflFBG14C0lHHff*&^3 3iOraR| 

i)^it'r^t. ^<^imiziiitx^it<^m^tm2 

( b ) coiKI&b , v>«4W!«c iZTFTtX o izS^it-T 
-6. ±iett-S!IfflFBG14cORIt3fca, b, c<m& 

(00203 iiettafflF BG 1 4*>i?>0^it3fea, it 
;&r^l 3 3&^^3fe7r>f/N'l 5<03l6Sft«:aiO. Se*c:3te:<r 
7-7 1 6T3te7r>f^\'l 7, 1803tBtw:»-«E$il«>. 
3K7 T >f ^N' 1 7 tC^tt$n3tRI*3K*4, F B G 7 ^ /U^ 

1 9S::frLrtt-ifflfflS3«^2 0*=AI«-6. ilEFB 
G7^7P^'l 9*4, ±IE@2 (c ) t:^L)tJ:9*ciS5a 

!Sro-CV^&<^r, ±IEffa!lfflFBG14C0Klt3l£a, 
b, c/j^iijafifc. 132 (d) J:9»cRSt3ta 

6. _tJEFBG7<;l^5'l 9*^^>ai:^3$a&RSt3i6l4. 
tfa!lfflS3^356i=^2 0rmSl<i^*cSa«5n, «Ui^S2 
2«C3lS^>n& iX^-yTAl) . ±IEfHBfflS3l£«^ 2 
O«cJ:0#^>it4Rlt3fe<o5il«S: I gfc-TS. 
(00 2 11 iJt, i^^SrT-^l 6*>^.5l£7T>f^<l 
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<c3Em$n, 9m^U2 2^'y^^tih {x^ ^rA 
m.m int^h, 9mmn2 2\t. tmm^imf'2 

'=i'2 1if^hm(>tlX<^^^itir>^^l n^ik*>^,;g& 

F BG 1 A<OWimSL-^^^m/^ 
Ae=k 1 XAF 

G = k 2X AF 

ffiU. G : ^JK. k 2 : itO^I^St. fcTI*. iyimJ^S2 

R= I g/I n 
AF = R/k 2 

C 0 0 2 2 3 «IS^IS2 2<i. _tta/^iSS[^^^kA 
F^^^b^^^^^bfiAeS: 
A e = k 1 X AF 

(CJ:0^*^& (;?.rvrA5) . -eUT, 35aS^®22 
a, ±te^Oj:^CLT^^fcS;^^^^l:SAe$rS/^®i: 
LT^^S2 3iC^^nf & (;^r yrA6) . ^^3, 

±tmmLtz^i^mi:i. iismizmtxyjy^s^izxom 

m't&XdizLXhm\ 

[0023] limtmmiZ^^Ltz X 0 iZ. 

nmmF BG 1 4xmi^izmtxf]^m^ti^^-^cD^it 
< m^^comt ) ^FBG7^yu^i9 ai/^ft^ms5^ 
^^2o<:j:oma^o^{ti: LTHXomu, ^mmm2 
2izx^?mmmt(o]tmzx on^^^^kfiSr^m-rs 

0 tmzmmm^^'f-2 1 s:^«t, tf-afflp b 

G 1 4«OR9t3fc<03fe«^H-jB!L, ^(^mt^-^ibX^^ 
i><r)V. 3fcaStl 1 , ttjB!fflFBG14ft&<.^ti5t»cOfa 

COO 24] im2mmm) mz^^Bn(om2mim 
±^imnmm^i-:><o^iz-^^'^xm^nmt:n 

^oilh^iz^^^X7^Lt:ii<OThh<0^zirtL, Z<^m2 



[002 5] ia5(i^-^cJ:3H^agi 1 *^«bt55t$n^ 

mi. ^yT^^^i2Ri/^/7ryi3^irLxnmm 

FBG14a. 14b. 1 4 n{CA!r*$fL&. Jite 
ft^fflFBG14a. 14 b. 1 4 nii, :frS;Vft- 

mmzms^tihi,<r>x. ytyr^/Mzxom.mzmm 

±f5H-MmFBG14a. 14 b.--. 14 n 

mimtmmiz}oifhnmmFBGi4t^m<oi, 

mmLFl. F2. Fn{Cift^$fL&. 
t 0 0 2 6 ] ±tdltSlfflF BG 1 ACOKWi^t. ^f)^ 
51 3-C5^7r^>'U 5(SJco^$r3aO, '^^c^W^A 
WZK^^flh. :L(7^mkitm^A\\t. l+MfflFBG 
14a. 14b.-. \Ant^h<r^di^^^^Mi\M 
IS^tC^fl^L. Mt::3t:^r7l 6a. 16b. -. 16 
n\zX^2^m-h, 16b. •■. 

^yP^19a. 19b.-. \9n^i\\^Xt\mWi^% 
Si=^2 0a. 2 0b. 2 0n{;ASt-r^, JifdFB 
GV \ 19b.-. 19nii. mi^JSB 

©iciiit^ F B G 7 1 9 t: R^^Otttt^ W UT 

[00 27] ^Z::. ±fS7^;<?r5 1 6a. 16b. ". 

ffl^3tS^2 la. 2 1b. -. 2 1 n\ZKm-h. ± 
teitSIffl^3t^1^2 0a. 20b, -. 20n.Jtl/# 
B^^3tSi^2 la. 2 1b. 2 1 n*i. -til-Pix 

C:<7)A/D^m[HlfS4 2ii. iM^S2 2A'i?>iO 
m^iCiOSUf^L. ^^^^2 0 a. 2 0 b, 2 0 
n, 2 1a. 2 1b. • 2 1 n*>ib<!Or-^n^fi^Sr 

^mzxy)n:d:3m-thhMz. xs^^'/Hi-^ics^jfi 
L-c3!asjss2 2^ai:^3-r-&. «is^S2 2(i, ttaurn 

S3^^20a. 20b.-. 20n&lX#.^^S 
^2 la, 2 1b. 2 1 n3!i^^O<i#S:mi^l«y^ 
m.(n^>inmz\^X^\.. #tf-«!fflFBG14a. 
14b. 14nUi3*t65i;^&^4^. #tf-i«fflFB 
G14a. 14b.-. 14ni:traSL3t^Aei:Sr*t 
ie$-lir-C^^ai2 3tc^'t6, -tfz. JiiethaBt^c 

[0 0 28} ±121^2 ISi©gSS(=fcV>T, 3teiSl 1*^^ 

06 < a ) (c^-TJ: aCTa^r^aaaj^ptt 

l&^LTt^«»*<, tfifflfflFBG14a. 14b. -. 1 

h<nim%imm^F BG 1 4 aS:iijfi-rSi:06 
( b ) ic^-r ct ^ JwmiSa&F 1 (mmmirMz%>(r>>L 
32:0, »:lCftjfflfflFBG14b«rii3a^&i:06 (c) 
\Z7vcti. ^ \z^\zmL^F 2</mmmij^tit:ij<r>t^ 
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h, lar, R^t:: 3^251 1 *-^>i7)t55t^*^ttSIfflF BG 
^ia3aTi^<::I36 ( d ) . ( e ) iZTjk-rXoizmmi 

[0029] ±U(7yx 0 iz^m 1 1 i)-^cotmmi . it 

SlfflFBG14a, 14b,-. 1 4 n $rjM-^-«» 

[0030] -eUT, #lt^fflFBG14a, 14b, 
1 4 ni)-(:,comimi. r^^mU4 IT, #ft^ 
fflFBG14a, 14b,-, I 4 niZMmttimmL 
=^i«tC^il^$il, — IfiTJiFBG^^^U^' 1 9 a, 19 
b, 1 9n$r^LTft^fflS3t3R^2 0a, 20 
b, 2 0nt2A9tL, m:fjii^(Ott^fm^jm 
^2 1 a, 2 1b, 2 1 niZAIH"^. 
[0031 ] mmmni 2ti, A/D^mis]K4 2Ut& 
ftS!imS3t3^T2 0a, 2 0b,-, 20n 
la, 2 1b, -, 2 1 n**^C0 

ji;^, mi^SfeJgSSC0i©^i:|5]e5<3LT^H-^fflFBG 
14 a, 14b, -, 1 4 n{2i3<t^»S;^^^46, :frH- 
S3fflFBG14a, 14b,-, 1 4 n $rJt 

fE$-ti-T^^K^m2 3i-a^f ^. z<7)i^^. nmm^ 

^5f?^20a, 20b,-, 2 0 n ^tjc^^^^^^ 
^=■2 1 a, 2 1b, -, 2 1 n^iftlt, It^fflFBGl 
4a, 14b,-, l4n<r>mMiitc^mi:tmLX't 
<r>^^)t^lSiihX^^hcr)T. tmmFBG14a. 14 
b,-, 14nA.c7)ASt^«Ojg^©:^ttt:?t)^™r'5:<T 

[00 323 ±tm2mmmmizxtn:x. m i ^mmm 

f^m--:>m%\zrf^j:oZ}iti^T^hbmz. 1^<7)SA 

mmmizi6\ii>^^i^^nm^i,z'^m 

[0033] 

afflFBGrSAI::jCtTtf-a!l§n&iS[:g<03glk <m 
<r>im\zX^m.^'S^^^ndyrhi:o\zl.fz<r>'C. % 



mz^KiO^lbti^T^h, 

[00 34] ^z::, *%BHIi, ^ixJ^1X!m%<^^m^ 

m^) tmKi:hmzm^^ixfzim.<r>nmmFBG^ 

mzx^rfx^<r>mmmmz^t$,v. :itLh^wimm 
t$iu<nmn^F^Gy ^f\.9mft):mm^±^=f\zx^ 

(7y\tmzx^^?i.^it&^n.^'ttXo\zLrz<r>x. 1 
^(^^^tm^mxmmm<r>^7i-^n^\zi}--:>^mf^ 
\zt\mthzttMmt^j:^, i^:;K^M.^^m\zmm- 

[112 3 mmimmzisi-fh^^(7)^^i:^.^m. 
[133 3 ( a ) immtmmiztiifmmm f b ccon 
mmmi. ( b ) liisifflgMffiia. 
[134 3 mmmmmztsii^mi^^nm-thrzi^eoyxj 

m5} ^mncom2mtmmiz^t^y T ^ jmi^tf 

[136 3 nmmm\zH\th^t\mmF BGirmm-^ 

[137 3 vt^<r>^m^mmm.con^. 

1 1 %u 

12 7t7r-f^< 

1 3 3t^r^ 

14, 14a'-14n ft^MFBG 

15, 17, 18 %yr^^^ 

16, 16a-16n ^tiy^y 

19, 19a— 19n FBG7^/l^^ 

20, 20a, 20n ftS3m^3t«^ 

2 1,21 a-2 1 n #8^S3l£5JI^ 
2 2 9m^1B. 

2 3 

3 1 5 •/ K 
32 3r 

3 3 mim- 

4 1 jS^^^M^S 

4 2 A/Dtmm 



;(7) 001-108416 (P2001-108416A) 



mi} 



m2] 



y 12 *7^-c/T 

iSn-ii 



20 l9FnG7-r^U5 L.I5 
17 l6JfeZ>7 



^ - BiiiTI 



(ol 



(b) 



22 



r 



23 




(0) 



(b) 




14 imFBG 

















f 




> 


f 


R= I s/I n 
AF=R/k2 



A1 

^ A3 
A4 





V 











^A5 



A6 



J(8) 001-108416 (P2001-108416A) 




me] 



la) fasoiwi 



(u)FtjGI4a 



[c)FBGi4b 



((l)FBGWc 



(e)FB6l4d 



AJL 



[07} 

2 »:jV-r/? 



